Objective: assessment of energy needs is a critical step in developing the nutrition care plan, especially for individuals unable to modulate their own energy intakes. the purpose of this study was to assess precision and accuracy of commonly used prediction equations in comparison to measured resting energy expenditure in a sample of "oldest old" adults residing in long term care (ltC). Subjects and Design: resting energy expenditure (mree) was measured by indirect calorimetry in 45 residents aged 86.1 ± 7.3 years, and compared to frequently used prediction equations (pree): Mifflin St.Jeor, Harris Benedict, World Health organization and owen. Precision and accuracy were determined by concordance correlation coefficients and number of individuals within ± 10% of mree. Bland altman plots with linear dependence trends were constructed to visualize agreement. to complete analyses, the common 25 kcal/kg formula was assessed and alternative formulas were determined for best fit by regressing adjusted mree on body weight. Results: mree averaged 976.2 ± 190.3 kcal/day for females and 1260.0 ± 275.9 kcal/d for males. the strength of the relationships between pree and mree were only moderate (r = 0.41 -0.72). in examining linear trends in the Bland altman plots, significant systematic deviation from mree was detected for all pree. two kcal/kg formulas were generated: 20.6 kcal/kg for females and 22.7 kcal/kg for males, which were not significantly different. Conclusion: none of the prediction equations adequately estimated energy needs in this sample of the "oldest old." a simple formula using 21-23 kcal/kg may be a more practical and reliable method to determine energy needs in the ltC setting.
Introduction
With increased life expectancy, the fastest growing segment of the u.S. population is the "oldest old." in fact, the number of people aged ≥ 80 years is expected to triple to ~19 million by 2050 (1). as older persons are highly susceptible to chronic disease, illness and injury, over 40% need long term care services (2). thus, spending for long term care is over $206 billion annually. Further compromising their health status, only 1/3 of long term care (ltC) residents are well nourished (3), regardless of weight status. Malnutrition in the elderly profoundly impacts quality of life as it is significantly associated with dehydration (4-6), physical disability and functional decline (7, 8) , and pressure ulcers and delayed wound healing (9) -all of which contribute substantially to health care resource use, health care costs (10) , and earlier mortality (7) . the maintenance of adequate nutritional status in older age is influenced by the metabolic adaptations occurring during the physiological process of aging. Chemosensory changes alter taste and smell, anatomical changes in the gastrointestinal tract influence gastric emptying and satiety, and thus, food intakes are reduced by 100-200 kcal/day per decade of adult life (11, 12) . this "anorexia of aging" (13) potentiates an energy deficit of 600-1200 kcal/day in later years (11) . Simultaneously, body composition changes characterized by increased body fat and decreased lean mass (14) (15) (16) , along with decreased mass of metabolically active organs (ie, liver, kidneys, spleen and brain) (17) , reduces resting energy expenditure (ree), regardless of whether or not weight loss occurs (18) (19) (20) (21) (22) (23) . as ree is the single largest component (~70-80%) of total energy expenditure (tee), longitudinal data indicate tee decreases as much as 6-7.5% per decade of life (24, 25) . While the reduction in energy intake should counterbalance the reduction in energy expenditure, the presence of hypermetabolic chronic disease, illness or injury complicates energy homeostasis. For example, chronic obstructive pulmonary disease, congestive heart failure, dialysis-treated chronic kidney disease, and advanced pressure ulcers increase ree by 7-18% kcal/day (26) (27) (28) (29) . However, in reviewing the evidence on sick older adults compared to healthy older adults, gaillard et al (30) detected no difference in ree. Hence, accurate estimation of energy requirements in older adults is quite challenging, especially for persons with multiple comorbidities.
nevertheless, determining caloric intake goals and designing appropriate nutrition interventions is necessary for improving weight and health status. either measured or predicted ree can be used to prescribe energy intakes. For measured ree (mree), it is most common to use portable indirect calorimeters. However, the cost of indirect calorimetry equipment and supplies, the training necessary to acquire reliable data, and the difficulty of performing measurements in (34) , and owen (35, 36) . While using prediction equations may be a more efficient tool, they are based on demographic factors (sex, weight, height and age) that may not account for all of the variability in ree. Furthermore, as the population samples used in deriving these formulas had limited numbers of older adults and very few individuals from the "oldest old" age group (37), they are likely to result in prediction error that significantly underestimates or overestimates energy needs (38) . a mismatch between prescribed energy intake and energy expenditure would promote unintentional weight change and further complicate health status, particularly in persons unable to modulate their own dietary intakes.
Since there is little evidence of the precision and accuracy of prediction equations compared to mree in the "oldest old", especially those in the long term care setting, the present study was designed to compare prediction equations commonly used in ltC practice to mree via indirect calorimetry in a sample of older adults of varying body mass. We hypothesized that the prediction equations would underestimate or overestimate energy needs by a clinically significant amount regardless of body weight. thus, we also sought to determine whether estimated energy requirements in ltC residents were sufficiently precise and accurate using body weight as the sole predictor in a kilocalorie-based formula, that is, kilocalories per kg of bodyweight (kcal/kg/bw).
Methods
Subjects for the present study were a subset of adults residing in two ltC facilities in Southern California who were enrolled in a randomized clinical trial to improve urinary incontinence and mobility (39, 40) . the sub-study on ree was conducted with 45 long-stay residents who were aged ≥ 65 years, incontinent of urine but catheter-free, not receiving tube feeding, not on a weight loss diet, and not in hospice care. as the inter-individual variation in energy expenditure within any group of individuals is thought to reflect differences in body weight, no body mass index (BMi) category was excluded. Written informed consent was obtained from the resident or the resident's responsible party as designated in their medical record. the study was approved by the institutional review Board of the university of California, los angeles.
Demographic and medical information was obtained from subjects' medical records. Cognitive status was assessed with the standardized version of the Folstein Mini-Mental State exam (MMSe) with scores from "0-9" indicating severe cognitive impairment, "10-20" moderate impairment, "21-24" mild impairment, and "25-30" cognitively intact (41) . BMi was calculated from weights obtained by study staff using the calibrated ltC facility chair scale in the morning after incontinence care and the height documented in the medical record.
resting energy expenditure was measured using a Deltatrac respiratory gas analyzer (Sensormedics Corporation, Yorba linda, Ca), an open-circuit, ventilated-canopy system that is considered the gold standard for measurement of ree as it has proven to be the most accurate and reliable instrument (38) . analyzers were calibrated using a gas mixture of 95% oxygen / 5% carbon dioxide prior to each use. Measurements were obtained in basal conditions early in the morning in a quiet room set at ambient temperature with subjects fasted overnight and lying quietly in bed at a semi-recumbent position (head of the bed at 300). after habituation, data were collected every 30 seconds for a total of 15 minutes and the first three minutes of data were excluded from analyses (42) . to confirm the reliability of the Deltatrac protocol, a sub-sample of 18 residents had repeated measures at the same time of the morning on three non-consecutive days within one week. Pearson correlation coefficients between these three values ranged from .77 to .86 (p < 0.001) indicating good data reliability.
Statistical analysis
Statistical analyses were performed using SPSS (version 17, 2008, SPSS inc. Chicago, il) and r (version 2.13.1, 2011, r Foundation for Statistical Computing, vienna, austria). P values <0.05 were considered statistically significant. the Kolmogorov-Smirnov statistic was used to assess normality for continuous outcomes. Descriptive data were summarized by means and standard deviations or counts and frequencies. the bias (difference) between mree and pree was calculated using actual body weight and percent bias was computed as (mree -pree / mree) x 100%. the concordance correlation coefficient (CCC), a measure of agreement between quantitative methods (43) , was used to assess the accuracy of pree by deviation in the relationship between mree and pree from the line of concordance (a 45 degree line passing through the origin), and precision by the magnitude of deviations from the line. the CCC (rc) is related to the more common Pearson correlation coefficient (rr) via a bias correction factor (Cb), which is a ratio of the two coefficients (rc/rr), but while Pearson's measures precision it does not measure accuracy. the CCC, the associated 95% confidence interval, and bias correction factor for each prediction equation are reported here. 10% of mree (37, 38) , a clinically acceptable error rate. thus, prediction error was considered the percentage of values where pree was underestimated at < 90% mree or overestimated at > 110% mree.
the Bland-altman method (44) was used to visually assess the limits of agreement (mean difference ± 1.96 SD of the difference) between mree and pree for each formula. as such, the difference in mree and pree (y-axis) was plotted against the mean of mree and pree (x-axis). linear dependence trends in the Bland-altman plots were computed using the method of least squares. linear trends deviating significantly from horizontal indicate that there is systematic bias in pree versus mree or one measure is significantly more variable than the other. Significant deviations were assessed by computing 95% confidence intervals for the slope parameter. Confidence intervals that did not include the horizontal slope (zero) were considered statistically significant.
to complete our analyses, we compared the accuracy of the 25 kcal/kg formula, which estimates tee after multiplying mree by a coefficient of 1.2 to adjust for the energy cost of daily activity and stress in the typical ltC environment. visual assessment by scatterplot of body weight (kg) versus adjusted mree suggested that 25 kcal/kg overestimated mree in this cohort. alternative kcal/kg formulas were assessed separately for males and females by regressing adjusted mree on body weight. a fitted slope parameter was used to estimate the best kcal/kg formula for these data. to compare the best kcal/kg formula to the 25 kcal/kg formula, 95% confidence intervals were constructed for the slope parameters. thus, confidence intervals that did not include the value 25 indicated significant deviation.
Results
Descriptive characteristics for the 45 (35 female and 10 male) subjects are presented in table 1. Subjects body mass represented a range of national Heart, lung, and Blood institute classifications (45) with 5 (11.1%) underweight (BMi < 18.5 kg/m 2 ), 28 (62.2%) normal weight (BMi 18.5-24.9 kg/m 2 ) and 12 (26.7%) overweight/obese (BMi ≥ 25 kg/m 2 ). no significant difference in BMi by gender was detected (p = 0.82). the average score on the MMSe indicated most subjects had moderate to severe cognitive impairment. their average length of stay in the ltC facility at the time indirect calorimetry was performed was about three years. Measured resting energy expenditure averaged 976.2 ± 190.3 kcal/day for females and 1260.0 ± 275.9 kcal/d for males. the performance of each prediction equation compared to mree is presented in table 2. the estimated mean differences in pree as compared to mree did not show statistical significance due to the large variability in mree within this sample. as the prediction equations use common demographic variables, the strength of the relationships between pree and mree were moderate (rc = 0.41 -0.72). the Bland altman plots presented in Figure 1 illustrate the agreement between indirect calorimetry and the MSJ, HB, WHo and owen equations, respectively. as demonstrated in the plots, construction of the limits of agreement had to be very wide so that >95% of the data points lay within ± 1.96SD for all prediction equations (MSJ:-376.5 to 321.5, HB:-271.9 to 373.2, WHo:-168.6 to 536.3, owen:-114.8 to 583.1 kcal/d). in examining the linear trends, a significant systematic deviation from mree was detected for all prediction equations. the slope for HB showed a significant negative bias for female subjects, the slope for MSJ showed a significant negative bias for male subjects, and the slopes for the WHo and owen the significant variability in the prediction bias prompted consideration of its clinical relevance. as shown in table 3, only 24.5% -37.8% of subjects had pree within the range of ±10% of mree whether using one of the estimation equations or the 25 kcal/kg formula. thus, in construction of best fit lines to the trends in body weight versus mree (Figure 2 ) it was revealed that 22.7 kcal/kg (95% Ci: 20.5, 25.0) for males and 20.6 kcal/kg (95% Ci: 19.1, 22.0) for females offered better estimation of mree. overall, using these best fit kcal/kg formulas places 60% of subjects within the range of ±10% mree. in calculating the 95% confidence interval for the difference between male and female best fit kcal/kg formulas (a difference of 2.18 kcal/kg), it was determined that this difference is not statistically significant (95% Ci: 4.95, -0.58 kcal/kg). 
Discussion/Conclusion
the estimation of energy needs is a critical element of nutrition assessment that determines the nutrition intervention, outcomes evaluation, monitoring and follow-up components of the nutrition care plan. there remains little investigation of the precision and accuracy of commonly used equations to predict energy requirements in ltC residents, especially those who are aged ≥80 years of varying BMi. the key finding in the present study is that none of the prediction equations we tested adequately estimated energy needs in this sample of the "oldest old." Further, while it may be considered likely that the 12 subjects who were overweight/obese in the study sample influenced the accuracy of prediction equations, we detected no significant improvements in pree when considering BMi as a factor.
although the modest correlations observed between pree and mree in the current dataset are consistent with those described in the original datasets (32-36) , the extent of error n/a n/a n/a n/a n/a Mifflin- (47) . the inadequacy of prediction equations is not entirely unexpected as these formulas were derived from adults of dissimilar age and health status to ltC residents. the MSJ was derived from 498 adults of varying BMi and mean age of 44.5 ± 14.1 years, the HB equations were developed in women aged 31 ± 14 years and men aged 27 ± 9 years, and the owen equations were developed in women aged 35 ± 12 years and men 38 ± 15.6 years. the WHo formula was derived from the Schofield equations which included individuals 19 -82 years old. While a systematic review of these four predictive equations showed that MSJ was most likely to estimate within 10% mree in healthy adults, the expert panel recommended that dietetics practitioners use clinical judgment due to the potential for significant error -especially in older individuals and those who are overweight/obese (37) . it is expected that prediction error would be great with aging and/or chronic disease related alterations in energy homeostasis and metabolism.
in an effort to address the gap in evidence for an equation that can be reliably used in the ltC setting, we furthered our analyses to examine the performance of the commonly used 25 kcal/kg formula. in plotting mean mree against body weight, it was observed that the 95% confidence interval for the average kcal/kg included the value 25 only in male subjects. Hence, the 25 kcal/kg formula might be used reliably for male ltC residents similar to those studied herein, but this formula significantly overestimated ree in females. in fact, the overall best fit was determined to be 22.7 kcal/kg for male subjects and 20.6 kcal/kg for female subjects. However, since the 95% confidence interval of the difference between these two best fit formulas did include the value zero, the present data agree with prior evidence that gender is not a significant factor in ree in older adults (48) (49) . additionally, providing an average of 21-23 kcal/kg to meet ree would be consistent with the range determined to be accurate for other groups of frail elderly (48) .
in sum, the finding that commonly used prediction equations are inadequate for estimating ree in ltC residents is important and consistent with findings in other groups of older adults, such as those who are community-residing adults and aged ≥70 years (47) . although indirect calorimetry remains the gold standard, it also remains impractical for common use. the present results suggest that it will be more clinically applicable to use a simple kcal/kg formula to estimate energy needs in ltC settings -and that a similar kcal/kg formula (ie, 21-23 kcal/kg) can be used for both older males and females to estimate ree.
use of a more accurate estimation formula offers the opportunity to provide more adequate caloric prescription for meeting the energy requirements of ltC residents regardless of the type of nutrition support being provided. While it is likely that clinical outcomes are more often used to adjust energy provision and determine the effectiveness of nutrition intervention in residents on enteral or parenteral nutrition support, it is just as necessary to prevent adverse changes in body mass (ie, weight loss in those at risk for underweight and weight gain in those at risk for overweight/obesity) in residents able to consume orally. a resident who is involuntarily losing weight is most likely being underfed, while one who is unintentionally gaining weight is most likely being overfed.
in view of the increasing body mass status of the entire adult population, it is also of great importance to pay closer attention to the occurrence of overweight/obesity in ltC residents. thus, more evidence is needed regarding the energy requirements of clearly defined individuals by higher BMi categories to be better able to determine the optimal kcal/kg formula for the entire range of BMi represented in the present day (and future) ltC environment. regardless of whether a prediction equation or a kcal/kg formula is used, it must also be recognized that most ltC residents are unable to modulate their dietary intakes to meet energy and nutrient needs, and thus, continuous monitoring of food intakes and body weight is necessary not only to evaluate the adequacy of energy intakes on an individual basis but to prevent serious morbidity and mortality in the ltC setting.
